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ABSTRACT 

The spacecraft radiative thermal environment is 

examined for the spectrum of all missions ranging beyond 0 . 2 5  

A.U. from the sun. 

common to all spacecraft missions. From the environment, a 

power limitation on the Common Mission Module (CMM) is derived 
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INTRODUCTION 

A knowledge of t h e  r a d i a t i v e  t h e r m a l  envi ronment  a t  
v a r i o u s  l o c a t i o n s  i n  t h e  s o l a r  sys tem i s  n e c e s s a r y  to d e s i g n  
a thermal  r a d i a t o r  s y s t e m  capab le  o f  o p e r a t i n g  e f f e c t i v e l y  
t h e r e .  The aim of  t h i s  pape r  i s  to examine t h e  r a d i a t i v e  t h e r -  
m a l  environment  between 0 . 2 5  A . U .  and 2 . 5  A . U . ,  i n c l u d i n g  p l a n e t  
o r b i t s ,  to see i f  a s i n g l e  s p a c e c r a f t  thermal  d e s i g n  can  o p e r a t e  
e f f i c i e n t l y  t h r o u g h o u t  t h e  e n t i r e  r a n g e .  The v e h i c l e  i s  re- 
f e r r e d  t o  as the Common Miss ion  Module ( C M M ) .  A s econda ry  ob- 
j e c t i v e  i s  to see what m o d i f i c a t i o n s  a r e  r e q u i r e d ,  i f  a n y ,  to 
make a s i n g l e  t h e r m a l  d e s i g n  accomodate t h e  e n t i r e  m i s s i o n  spec -  
t rum.  

THE THERMAL ENVIRONMENT 

There a re  t h r e e  p r i n c i p a l  s o u r c e s  o f  t h e r m a l  radia- 
t i o n  t o  a s p a c e c r a f t .  These a r e :  

1. s o l a r  r a d i a t i o n  

2 .  r e f l e c t e d  s o l a r  r a d i a t i o n  from nea rby  p l a n e t s ,  
moons, r i n g s ,  a s t e r o i d s ,  and o t h e r  s p a c e c r a f t  

i n f r a r e d  r a d i a t i o n  e m i t t e d  by  w a r m  b o d i e s  n e a r b y ,  
such  as p l a n e t s ,  moons, r i n g s ,  a s t e r o i d s  and o t h e r  
s p a c e c r a f t .  

3. 

The heat t r a n s f e r r e d  to a s p a c e c r a f t  f rom any o f  t hese  
s o u r c e s  i s  dependent  on :  

1. The a b s o r p t i v i t y  and e m i s s i v i t y  o f  t h e  v a r i o u s  
s p a c e c r a f t  s u r f a c e s .  

2 .  The shape o f  t h e  s p a c e c r a f t  and t h e  s o u r c e .  

3. The o r i e n t a t i o n  of t h e  s p a c e c r a f t  w i t h  r e s p e c t  
to t h e  s o u r c e  o f  t h e  r a d i a t i o n .  

4 .  The r a d i a t i v e  p r o p e r t i e s  of  t h e  s o u r c e .  

A more d e t a i l e d  t h e r m a l  a n a l y s i s  i s  g i v e n  i n  ADDendix 1. 
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SPACECRAFT THERMAL COATINGS 

The a b s o r p t i v i t y  of a s i  r f a c e  i s  a fi n c t i o n  o f  t h e  
wavelength  d i s t r i b u t i o n  o f  t h e  i l l u m i n a t i o n .  For example,  
t h e  a b s o r p t i v i t y  of  p o l i s h e d  aluminum i s  ~0.25 f o r  s u n l i g h t  
b u t  on ly  % O . O 3  f o r  i n f r a r e d  r a d i a t i o n .  The thermal  e m i s s i v i t y  
of a s u r f a c e  i s  a b o u t  t h e  same as t h e  a b s o r p t i v i t y  f o r  i n f r a r e d  
r a d i a t i o n ;  t h u s ,  a s u r f a c e  can rad ia te  heat e f f e c t i v e l y  w h i l e  
n o t  a b s o r b i n g  much s u n l i g h t .  The a b s o r p t i v i t y  to s o l a r  rad ia-  
t i o n  i s  c a l l e d  a s  and t h e  i n f r a r e d  e m i s s i v i t y  i s  E .  

I n  t h i s  a n a l y s i s ,  two e x i s t i n g  s u r f a c e  c o a t i n g s  a re  
c o n s i d e r e d ;  b o t h  from Lockheed Missiles and Space  Company. The  
f i r s t  i s  w h i t e  s i l i c a t e  p a i n t  ( a s  = 0 . 1 8 ,  E = 0 . 8 6 )  t h e  second 
i s  o p t i c a l  s o l a r  r e f l e c t o r  ( O S R )  mater ia l  ( a  = 0.05, E = 0 . 7 7 ) .  S 

APPLICATION TO CMM 

T h e  CMM c o n s i s t s  of  a 20' djszeter p r e s s w e  v e s s e l  
suspended  w i t h i n  a 2 2 '  d i a m e t e r  s t r u c t u r a l  c y l i n d e r .  The heat  
r e j e c t i o n  r a d i a t o r s  a r e  i n t e g r a l  t o  t h e  s t r u c t u r a l  c y l i n d e r .  
The p r e s s u r e  v e s s e l  i s  t h e r m a l l y  i s o l a t e d  from t h e  r a d i a t o r s  by 
h i g h  performance i n s u l a t i o n  and low c o n d u c t i v i t y  l o a d  s u p p o r t s  
(as i n  t h e  d e s i g n  o f  c ryogen ic  p r o p e l l a n t  t a n k s  f o r  s p a c e  v e h i c l e s ) .  
Thus,  t h e  r a d i a t o r  and p r e s s u r e  v e s s e l  exchange energy  o n l y  v i a  
t h e  h o t  and c o l d  f l u i d s  i n  t h e  ECS ( see  F i g u r e  1 and Appendix 2 ) .  

THE MISSION SP!3CTRUM 

The h e a t  r e j e c t i n g  c a p a c i t y  o f  t h e  Environment C o n t r o l  
System (ECS) f o r  t h e  w o r s t  c a s e s  o f  a wide  spec t rum o f  p o s s i b l e  
m i s s i o n s  was examined. T h e  a n a l y s i s  assumes t h a t  u s i n g  t h e  t o t a l  
a v a i l a b l e  r a d i a t o r  a r e a ,  t h e  ECS must r e j e c t  1 0  kw a t  a rad- 
i a t o r  t e m p e r a t u r e  of 530°R, or t h a t  t h e  Brayton  power sys tem must 
r e j e c t  30 k w  a t  6 5 0 ~ ~ .  These common c a p a c i t y  l e v e l s  w e  have used  
t o  d e t e r m i n e  if t h e  s p a c e c r a f t  cou ld  o p e r a t e  i n  t h e  v a r i o u s  
env i ronmen t s .  
a n a l y s i s .  The m i s s i o n s  a re :  

These c a p a c i t y  l e v e l s  were s e l e c t e d  from p r e l i m i n a r y  

1. I n t e r p l a n e t a r y  t r a j e c t o r i e s  r a n g i n g  from 0 . 2 5  A . U .  - o u t  
2 .  E a r t h  o r b i t  
3.  Mars o r b i t  
4 .  Venus o r b i t  
5 .  l u n a r  o r b i t  
6.  l u n a r  s u r f a c e  

The r a d i a t i v e  p r o p e r t i e s  o f  t h e  p l a n e t s  a r e  t a k e n  from Refe rence  1. 
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The w o r s t  a t - i t u d e  for t h e  s p a c e c r a f t  i n  i n t e r p l a n e -  
t a r y  s p a c e  ( o n l y  s o l a r  r a d i a t i o n  h e a t i n g )  i s  w i t h  t h e  s p a c e -  
c r a f t  b r o a d s i d e  t o  t h e  sun .  The e f f e c t s  o f  s o l a r  d i s t a n c e  and  
s u r f a c e  c o a t i n g  on heat  r e j e c t i o n  c a p a c i t y  f o r  a CMM i n  t h i s  
a t t i t u d e  i s  shown i n  F i g u r e  2 .  

Beyond 2 A . U . ,  t h e  s o l a r  hea t  l o a d  becomes n e g l i g i b l e  
f o r  b o t h  t h e  w h i t e  p a i n t  and t h e  s o l a r  r e f l e c t o r  c o a t i n g .  The 
s o l a r  r e f l e c t o r  c o a t i n g  p e r m i t s  o p e r a t i o n  t o  w i t h i n  0 . 3 7  A . U .  
w h i l e  t h e  w h i t e  p a i n t  w i l l  on ly  a l l o w  o p e r a t i o n  t o  0.70 A . U .  
The s p a c e c r a f t  would t h e n  b e  r e q u i r e d  t o  o r i e n t  i t s e l f  end-on 
t o  t h e  s u n ,  s o  t h a t  t h e  r a d i a t o r  a rea  exposed  t o  t h e  s o l a r  heat  
l o a d  i s  r e d u c e d .  The c a p a c i t y  i n  t h e  end-on a t t i t u d e  i s  
a p p r o x i m a t e l y  e q u a l  t o  t h e  c a p a c i t y  beyond 2 . 0  A.U. I f  t h e  
b r o a d s i d e  a t t i t u d e  must be  m a i n t a i n e d  f o r  e x p e r i m e n t a l  r e q u i r e -  
m e n t s ,  t h e  power r a d i a t i n g  c a p a c i t y  N i l 1  be d e c r e a s e d  u n t i l  o n l y  
t h e  shaded  s i d e  o f  t h e  r a d i a t o r  c a n  b e  used  - t h e  t u b e s  on  t h e  
h o t  s i d e  b e i n g  s h u t  off and a l lowed  t o  r e a c h  a h i g h  t e m p e r a t u r e  
t h e r m a l  e q u i l i b r i u m .  The r a d i a t i n g  c a p a c i t y  i s  t h e n  a p p r o x i -  
m a t e l y  one -ha l f  t h e  v a l u e  which c a n  b e  r a d i a t e d  a t  l a r g e  d i s -  
t a n c e s  (beyond 2 . 0  A . U . ) .  

ORBITAL MISSIONS 

I n  o r b i t a l  m i s s i o n s ,  t h e  a t t i t u d e  t h a t  y i e l d s  maximum 
t h e r m a l  r a d i a t i o n  l o a d  depends on t h e  a l b e d o  and s o l a r  c o n s t a n t  
o f  t h e  body a round  which t h e  s p a c e c r a f t  i s  o r b i t i n g .  The  t h e r m a l  
i n p u t  was d e t e r m i n e d  f o r  v a r i o u s  a t t i t u d e s  and  o r b i t s  ( e q u a t o r i a l  
or p o l a r ,  p e r p e n d i c u l a r  or p a r a l l e l  t o  t h e  s u n  l i n e ) .  The r a d i a t o r  
c a p a c i t y  i n  o r b i t ,  abou t  e a r t h ,  Mars, Venus, and t h e  moon, i s  shown 
i n  F i g u r e s  3-6 f o r  t h e  l i m i t i n g  c o n d i t i o n s .  

D i s r e g a r d i n g  l u n a r  and Venus ian  o r b i t s  for t h e  moment, 
t h e  v a r i a t i o n s  t h r o u g h o u t  a n  o r b i t  a r e  r e l a t i v e l y  sma l l .  OSR 
r e d u c e s  t h i s  v a r i a t i o n  t o  a n e g l i g i b l e  q u a n t i t y  f o r  Mars and  
e a r t h  and t o  a b o u t  10% o f  t h e  maximum r e j e c t i o n  c a p a c i t y  f o r  
Venus. The l u n a r  o r b i t  c a s e  i s  o b v i o u s l y  more s e r i o u s  s i n c e  t h e  
ECS c a p a b i l i t y  i s  n e g a t i v e  i n  t h e  s u b s o l a r  r e g i o n .  G e n e r a l l y ,  
t h e  l u n a r  problem i s  due  t o  a n  a l b e d o  o f  0 . 0 7  which p r o d u c e s  a 
s t r o n g  s o u r c e  w i t h  an  i n f r a r e d  s p e c t r u m  ( S e e  Appendix 1). 
Al though t h e  ECS r a d i a t o r  c a p a c i t y  i s  n e g a t i v e  a round t h e  sub-  
s o l a r  p o i n t ,  t h e  a v e r a g e  h e a t  d i s s i p a t i o n  c a p a c i t y  o v e r  t h e  
whole  o r b i t  i s  s t i l l  q u i t e  h i g h .  I n  o r d e r  t o  match t h e  heat 
l o a d  over t h e  o r b i t  w i t h  t h e  r a d i a t o r  c a p a c i t y ,  some method o f  
thermal  s t o r a g e  must be  employed. I f  t h e  f l u i d  l o o p  t o  t h e  rad- 
i a t o r  i s  d i v e r t e d  t o  a h e a t  exchange r  which hea ts  s t o r e d  water 
d u r i n g  t h e  h o t t e s t  p a r t  o f  t h e  o r b i t ,  t h e  e x c e s s  heat  c a n  t h e n  b e  
r ad ia t ed  when t h e  s p a c e c r a f t  i s  i n  a c o o l e r  segment o f  t h e  o r b i t .  
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The t o t a l  e n e r g y  s t o r e d  p e r  o r b i t  i s  a b o u t  1 0  kwh. T h i s  c a n  
b e  s t o r e d  as t h e  t h e r m a l  swing o f  500 l b s  o f  water t h r o u g h  70°F. 
500 l b s  of water i s  less  t h a n  t h e  s t o r e d  water n e c e s s a r y  f o r  
r e s e r v e  s u p p l y  for e v e n  a small c rew,  and  t h e  w e i g h t  o f  t h e  
r e q u i r e d  e x t r a  t a n k a g e ,  pump, v a l v e s ,  and  h e a t  e x c h a n g e r s  w i l l  
be  a b o u t  50  l b s  o r  l e s s .  

LUNAR SURFACE SHELTER 

On t h e  l u n a r  s u r f a c e ,  t h e  w o r s t  t h e r m a l  r a d i a t i o n  
env i ronmen t  i s  a t  l u n a r  noon, a t  t h e  l u n a r  e q u a t o r .  When t h e  
s u n  i s  be tween + 45" from z e n i t h ,  t h e  s u r f a c e  t e m p e r a t u r e  of  t h e  
b a r e  l u n a r  s o i l b e c o m e s  very  h i g h .  The p e r i o d  o f  h i g h  t h e r m a l  
r a d i a t i o n  l as t s  f o r  abou t  s even  e a r t h  d a y s ,  s o  a s t e a d y  s t a t e  
r a t h e r  t h a n  a t r a n s i e n t  s o l u t i o n  i s  needed .  

I n  o r d e r  t o  keep t h e  r a d i a t o r  c o n f i g u r a t i o n  t h e  saRe, 
a r e f l e c t i v e  mat could b e  rleplnyed or! t h e  11in2r ? u r f ? c e  z r o ~ n c !  
t h e  s p a c e c r a f t .  F i g u r e  7 s h o w s  the c o n f i g u r a t i o n  o f  t h e  s p a c e -  
c r a f t  and  t h e  mat, and  t h e  v a r i a t i o n  o f  r a d i a t o r  c a p a c i t y  with 
m a t  r a d i u s  and w e i g h t .  S u c h  a mat, w i t h  a h i g h  s o l a r  r e f l e c t i v i t y  
c o n v e r t s  t h e  nea rby  l u n a r  s u r f a c e  from a n  i n f r a r e d  s o u r c e  to a 
s o u r c e  w i t h  a s o l a r  spec t rum.  A m a t  a b o u t  3 0 0 '  i n  d i a m e t e r  a n d  
w e i g h i n g  a b o u t  250 l b s  would be needed .  

PRELIMINARY CONCLUSIONS 

1 0  kw or 

1. 

2. 

Some p r e l i m i n a r y  c o n c l u s i o n s ,  assuming a n  ECS l o a d  o f  
a 650"R Bray ton  Cycle  r a d i a t o r  l o a d  o f  30 kw, a r e :  

A common t h e r m a l  d e s i g n  c a n  be used  f o r  p o t e r l t i a l  
m i s s i o n s .  Minor m o d i f i c a t i o n s  a r e  r e q u i r e d  f o r :  

l u n a r  s u r f a c e  
low l u n a r  o r b i t  
low Venus o r b i t  

These  m o d i f i c a t i o n s  a r e :  

a )  On t h e  l u n a r  s u r f a c e ,  a s o l a r  r e f l e c t i v e  mat must  
b e  dep loyed  and OSR mater ia l  must be used  
on t h e  CMM s u r f a c e .  

b )  I n  a low l u n a r  o r b i t ,  a t r a n s i e n t  t e c h n i q u e  
s u c h  as h e a t i n g  and c o o l i n g  s t o r a g e  w a t e r  i s  
r e q u i r e d  t o  h a n d l e  h o t  p o r t i o n s  o f  t h e  o r b i t .  
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c )  F o r  w o r s t  Venus o r b i t  OSR m a t e r i a l  or a 
t h e r m a l  s t o r a g e  as i n  3 above ,  must b e  u s e d .  

d )  C lose  i n  t o  t h e  sun ,  ( l e s s  t h a n  0 . 3 7  A . U . )  
t h e  s p a c e c r a f t  cannot  b e  o r i e n t e d  t o  t h e  
w o r s t  p o s s i b l e  c o n f i g u r a t i o n .  

COMMON MISSION MODULE DESIGN IMPLICATIONS 

The geometry and environment  of  a CMM d e f i n e  t h e  max- 
imum r a d i a t o r  c a p a c i t y  f o r  e i t h e r  ECS or s p a c e  power s y s t e m  u s e .  
However, t h e  CMM c a r r i e s  bo th  an  ECS and a power sys tem s o  t h a t  
t h e  a v a i l a b l e  r a d i a t o r  area must b e  s h a r e d  between t h e  two s y s -  
tems. A l l  l o n g  m i s s i o n  space  power sys t ems  o t h e r  t h a n  s o l a r  
c e l l  a r r a y s  r e q u i r e  h e a t  r e j e c t i o n .  These a r e  t h e  thermodynamic 
power sys tems (Rray ton  c y c l e ,  R a n k i n e  c y c l e ,  Stirling zy.c1e, 
Thermionic  e f f e c t ,  T h e r m o e l e c t r i c  e f f e c t )  and all require hea t ,  
r e j e c t i o n  a t  t h e  l o w e s t  c y c l e  temperature. 

The amount o f  heat which must b e  r e j e c t e d  by t h e  s p a c e  
power s y s t e m  i s  de te rmined  by t h e  d e s i r e d  power o u t p u t  and t h e  
o v e r a l l  e f f i c i e n c y  o f  t h e  power sys t em.  The r a d i a t o r  area re-  
q u i r e d  p e r  kw of  e l e c t r i c a l  o u t p u t  i s  shown i n  F i g u r e  8 f o r  s p a c e  
power sys t ems  o f  v a r y i n g  o v e r a l l  e f f i c i e n c y  and r a d i a t o r  tempera-  
t u r e .  The e f f e c t i v e  s i n k  t e m p e r a t u r e  for t h i s  c a l c u l a t i o n  
r e p r e s e n t s  one o f  t h e  w o r s t  cases,  namely Venus o r b i t .  

Most of  t h e  h e a t  g e n e r a t e d  i n  t h e  c a b i n  comes from t h e  
e l e c t r i c  power consumed t h e r e .  The on ly  p a r t s  o f  t h e  e l e c t r i c a l  
i n p u t  no t  t u r n e d  d i r e c t l y  i n t o  h e a t  a r e :  

1. t h e  power which i s  c o n v e r t e d  t o  r a d i o  waves 
by t h e  communications sys t ems ;  

2 .  t h e  power consumed i n  t h e  e l e c t r o l y s i s  of  
water f o r  oxygen r e g e n e r a t i o n ;  

3. t h e  power used to compress t h e  g a s e s  used i n  
t h e  s p a c e s u i t  l i f e  s u p p o r t  sys t ems  or r e a c t i o n  
c o n t r o l  sys t ems ;  and 

4 .  t h e  energy  used by exper iment  packages  and 
mechanisms which are n o t  i n  t h e  c a b i n .  

Of  t h e s e ,  t h e  on ly  s i g n i f i c a n t  energy  s i n k  i s  t h e  
e l e c t r o l y s i s  of water. Even t h i s  energy  u l t i m a t e l y  f i n d s  i t s  
way back i n t o  t h e  c a b i n  a s  h e a t  because  t h e  crew b r e a t h e s  t h e  
r e s u l t i n g  oxygen, produces  H20 and C 0 2  and r e l e a s e s  t h e  h e a t  of  

r e a c t i o n  as m e t a b o l i c  h e a t .  
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The c a b i n  h e a t i n g  s u p p l i e d  by o t h e r  t h a n  t h e  power 
s y s t e m  may b e  a s i g n i f i c a n t  p a r t  o f  t h e  t o t a l  l o a d .  These  
o t h e r  s o u r c e s  i n c l u d e  s u c h  t h i n g s  as  "waste h e a t "  and r a d i o i s o -  
t o p e  h e a t  s o u r c e s  s u p p l y i n g  p r o c e s s  h e a t  for t h e  l i f e  s u p p o r t  
sys t em.  T h e r e  may a l s o  b e  h e a t  l e a k s  from t h e  power c o n v e r s i o n  
s y s t e m  l u b r i c a t i o n  and c o n t r o l  s y s t e m .  These c o o l i n g  loops may 
r e q u i r e  e i t h e r  s e p a r a t e  i n t e r m e d i a t e  t e m p e r a t u r e  r a d i a t o r s  or 
may b e  pumped d i r e c t l y  i n t o  t h e  ECS c o o l i n g  l o o p .  I n  any  c a s e ,  
t h e  t o t a l  ECS c o o l i n g  l o a d  is  t h e  o u t p u t  o f  t h e  e l e c t r i c a l  power 
sys t em p l u s  a n  e x t r a  smal l  load  due  t o  endogenous c a b i n  h e a t  
s o i w c e s .  

AVAILABLE RADIATOR AREA S H A R I N G  

There  w i l l  b e  a l i m i t  on t h e  spacecraft power sJystem 
pnrA7e.y whiLr.h i s  i m p o s e d  by t h e  ,3-ye,2 t- t?? 
c y c l e  r e j e c t e d  h e a t ,  and  t h e  cabi.n e l ec t r r i l ca l  loa12 and ends -  

U U I U b V I   he s p a c e  
power s y s t e m ,  t h e  more area a v a i l a b l e  f o r  r e , j e c t i n g  i t s  o u t n u t  
as  ECS o u t p u t .  The re  i s  a maximum power which can  b e  g e n e r a t e d  
f o r  t h e  g i v e n  area of  t h e  s p a c e c r a f t  o u t e r  s h e l l .  T h e r e f o r e ,  
t h e  maximum e l e c t r i c  power u s a b l e  on t h e  s p a c e c r a f t  i s  a f u n c t i o n  
o f  t h e  a c h i e v a b l e  power system o v e r a l l  e f f i c i e n c y  and  i t s  r a d i a t o r  
r e j e c t i o n  t e m p e r a t u r e .  F i g u r e  9 g i v e s  t h e  u s a b l e  e l e c t r i c  power 
( w i t h  and w i t h o u t  a 2 kw endogeneous c a b i n  h e a t  l o a d )  as  a f u n c t i o n  
of  t h e  a c h i e v a b l e  power sys tem o v e r a l l  e f f i c i e n c y  and r e j e c t i o n  
t e m p e r a t u r e ,  f o r  a CMM r a d i a t o r  as  d e s c r i b e d  i n  F i g u r e  1. S e v e r a l  
a l t e r n a t i v e  s p a c e  power systems a r e  i n d i c a t e d  i n  F i g u r e  9 s o  t h a t  
t h e  power l e v e l  which can  be acccmmodated for each s y s t e m  c a n  b e  
compared. 

geno,Js 3ouyces .  TI-,? l e s s  134:p.+.-.-.7 z1>ca ii tc. i]ej  Fur, 1 

For modules of  s i n i l a r  c o n f i g u r a t i o n  ( c y l i n d e r s )  t h e  
a n a l y s i s  i s  s i m i l a r .  The c a p a c i t y  o f  a n  i n t e g r a l  r a d i a t o r  w i l l  
b e  p r o p o r t i o n a l  t o  t h e  c y l i n d r i c a l  area a v a i l a b l e .  Thus,  a 1 5 '  
diameter module which i s  10' h i g h  w i l l  on ly  b e  able t o  r a d i a t e  
1 5 / 2 2  as much power and i t s  t h e r m a l  r a d i a t i o n  c a p a c i t y  would be 
l i m i t e d  t o  1 5 / 2 2  t h e  c a p a c i t y  o f  a 2 2 '  module.  

CONCLUSIONS 

The c o n f i g u r a t i o n  o f  t h e  CMM assumed can  r a d i a t e  enough 
hea t  from i t s  o u t e r  wal l  t o  accommodate t h e  Dower s y s t e m  hea t  
r e j e c t i o n  and ECS h e a t  r e j e c t i o n  for a c a b i n  power i n p u t  o f  ap- 
p r o x i m a t e l y  5 kwe ( 3 . 4 5  kwe f o r  a 1 5 '  d .  x 10'h, 7 . 5  kwe for a 
33 '  d .  x 10'h module,  7 . 5  kwe f o r  a 2 2 '  d .  x 15' h i g h  m o d u l e ) .  
T h i s  power l e v e l  can  b e  ach ieved  by  s e v e r a l  nower s y s t e m s  ( O r . -  
g a n i c  Rankine Cycle ,  X e - H e  Brayton  Cyc le ,  Cascaded T h e r m o e l e c t r i c  
C y c l e ) .  
d i c t a t e d  by r a d i a t o r  a r e a  l i m i t a t i o n ,  b u t  b y  other f a c t o r s .  The p a c t  

The d e c i s i o n  o f  which power systenl t o  u s e  i s  n o t  t h e r e p o r e  
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t h i s  power l e v e l  i s  a c h i e v a b l e  i n  a l l  o f  t h e  p roposed  
envi ronments  and w i t h  a v a r i e t y  o f  power s y s t e m s ,  re- 
mrces t h e  f e a s i b i l i t y  and desirability o f  t h e  CMM c o n c e p t  
l o n g  term s p a c e c r a f t  development .  

1013-RG-pap R .  Gorman 

Attachments  
Refe rences  
Appendices I and I1 
F i g u r e s  1 t o  9 
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APPENDIX I 

A t  t h e r m a l  e q u i l i b r i u m  ( s t e a d y  s t a t e ) .  (From Ref.  1) 

Where 
Q = d e s i r e d  h e a t  r a d i a t i o n  f'rom s u r f a c e  

= solar c o n s t a n t  a t  t h a t  d i s t a n c e  f rom t h e  sun  9s 
442 BTU 

&? 1 A .  U .  F t  2 h r .  

= g e o m e t r i c  f a c t o r s  r e l a t i n g  s h a p e ,  o r i e n t a -  
t i o n  o f  v e h i c l e  w i t h  p c s i t l o r i  o f  s u n  f o r  
d i r e c t  s u r l i i g n i .  

= g e o m e t r i c  f a c t o r  r e l a t i n g  s h a p e ,  o r i e n t a -  

FS 

t i o n  o f  v e h i c l e  w i t h  p l a n e t  x i t h  r e s p e c t  
t o  r e f l e c t e d  s o l a r  r a d i a t i o n .  

FSR 

= g e o m e t r i c  f a c t o r  r e l a t i n g  s h a p e ,  o r i e n t a -  
t i o n  of v e h i c l e  w i t h  p l a n e t  w i t h  r e s p s c t  
t o  i n f r a r e d  e m i s s i o n  o f  p l a n e t  ( d u e  t o  
s u n l i g h t  abso rbed  by p l a n e t ) ,  

*TR 

A = Albedo o f  p l a n e t  -- amount o f  i n c i d e s t  
s u n l i g h t  r e f l e c t e d  from i t  i .  e .  , (].-a, ) 
of t h e  p l a n e t  

d 

= S o l a r  a b s o r p t i v i t y ,  i . e . ,  a b s o y p t i o n  o f  
l i g h t  o f  v i s i b l e  wave l e n g t h s  %Lo. 4~ 

= I n f r a r e d  a b s o r p t i v i t y ,  i . e . ,  a b s o r p t i o n  o f  
t h e  t h e r m a l  r a d i a t i o r !  c h a r a z t e y i s t i c  o f  
w a r m  b o d i e s  %5-2O~ 

E: = E m i s s i v i t y  o f  body at; t e m p e r a t u r e  of b o d y ;  
TR u s u a l l y  e q u a l s  CI 

0 = S t e f a n - E o l t z n a n  r a d i a t i o r i  c o n s t a n t  
= 0.17 x 10 -a ___ RTU 

F t 2  h r .  ("R") 

T h i s  r e l a t i o n s h i p  h o l d s  everywhc-P i n  t h e  s o l a r  s y s t e m  

e x c e p t  on t h e  moon and i n  o r b i t  a rovnd  i t .  

b e c a u s e  o f  t h r e e  f a c t o r s .  

The  mooii i s  d i f f t . r . ?n t  
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1. The r o t a t i o n  r a t e  i s  v e r y  s low,  

2.  The Albedo i s  ve ry  low,  

3 .  The s u r f a c e  i s  made o f  m a t e r i a l  w i t h  v e r y  s m a l l  

c o n d u c t i v i t y .  

Th i s  r e s u l t s  i n  a s u r f a c e  t h a t  i s  i n  l o c a l  t h e r m a l  

e q u i l i b r i u m  s o  t h a t  

b e c a u s e  t h e  l o c a l  t h e r m a l  emis s ion  i s  p r c p c r t i o n a i  t=  t h e  iscai 

i n c i d e n t  so la r  i n t e n s i t y .  



APPENEIX I1 

CMM C o n f i g u r a t i o n  

The CMM c o n f i g u r a t i o n  i s  shown i n  F i g u r e  1. The ends  

are s h i e l d e d  by  o t h e r  components o f  t h e  m i s s i o n  assenblage 

( p r o p u l s i o n  s tages ,  r e - e n t r y  module) s o  t h a t  t h e  o n l y  a v a i l a b l e  

s u r f a c e  f o r  r a d i a t i o n  i s  t h e  c y l i n d r i c a l  s i d e  wal l .  The ends  

o f  t h e  c y l i n d r i c a l  s u r f a c e  are t a k e n  up by t h e  c o u p l i n g  s e c t i o n s  

s o  t h a t  t h e  r a d i a t i n g  h e a t - r e j e c t i n g  area i s  l i m i t e d  t o  a 

c y l i n d e r  8 f t .  i n  h e i g h t  and 21.65 f t .  i n  diameter  o r  a n  area 

of' 5 4 4  s q u a r e  f t .  A t e m p e r a t u r e  o f  530°R i s  s e l e c t e d  as t h e  

e f f e c t i v e  r a d i a t o r  t e m p e r a t u r e  for t h e  e n v i r o n m e n t a l  c o n t r o l  

s y s t e m  ( E C S )  r e j e c t e d  hea t .  A t e m p e r a t u r e  o f  6 5 O O R  i s  s e l e c t e d  

as a r e p r e s e n t a t i v e  e f f e c t i v e  Bray ton  C y c l e  Power System r a d i a t o r  

t e m p e r a t u r e .  

Two s u r f a c e  c o a t i n g s  are used  f o r  t h e  c a l c u l a t i o n s :  

1. LMSC w h l t e  s i l l c a t e  p a i n t  a = 0 .18  E = 0 .86  

2 .  O S R  ( O p t i c a l  S o l a r  R e f l e c t o r  ma te r i a l )  
S 

a s  = 0 . 0 5  E = 0 . 7 7  (See  RefereRce 2 )  

I 
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